Objective and design. In a randomized controlled study, we investigated whether pain anticipation and fear-avoidance beliefs will lead to behavioral avoidance.
I
ndustrialized nations have witnessed a dramatic increase in back pain, which, because of the associated costs, has significantly strained the health care system and employment opportunities for those affected by the illness [1] . It is commonly accepted that, in about 80% of patients with back pain, no specific somatic pathology can be identified (nonspecific back pain [2] ). For these patients, a simple biomedical approach has proven insufficient [3] . Patients suffering from chronic pain often demonstrate a low correlation between pain and disability. Waddell et al. emphasized that pain and disability have to be looked on as quite different aspects of the illness [4] , with disability being influenced by psychological factors such as illness beliefs, emotional state, and coping [5, 6] .
Following Philips in 1987, several other authors have focused on the relationship between fear of pain and avoidance behavior [7] . Avoidance of (painful) activities has been suspected to be a major contributor to the initiation and maintenance of chronic low back pain (CLBP). As a response to acute injury, avoidance behavior is adaptive because it allows the healing process to occur. In contrast, the perpetuation of avoidance behavior may subsequently lead to negative consequences such as disuse syndrome [8] , which is associated with physical deconditioning, sick role behavior, psychosocial withdrawal, and negative affect corresponding to a high level of disability. Avoidance behavior is motivated by the patient's expectancy that physical activities will promote pain and suffering.
Waddell et al. [4] developed the Fear-Avoidance Beliefs Questionnaire (FABQ), which focuses specifically on patients' beliefs about how physical activity and work affect their low back pain. The authors demonstrated that these specific fear-avoidance beliefs were strongly related to absenteeism from work as a result of back pain. Their findings were confirmed in a prospective study by Klenerman et al. [9] , who showed that fear-avoidance variables were the best predictors of therapy outcome in 300 acute low back pain patients. In a prospective study on 87 patients with CLBP, we [10] also demonstrated that fear-avoidance beliefs were the strongest predictors of return to work after a functional restoration treatment program.
Several previous studies already showed that anticipation of pain in the context of chronic pain is accompanied by reduced physical activity: McCracken et al. [11] demonstrated a significant correlation between anticipation of pain and the range of motion during a leg-raising task. Patients who expected more pain terminated the leg-raising task earlier than did those who expected less pain. Vlaeyen et al. [12] asked CLBP sufferers to lift a bag weighing several kilograms and to hold it as long as possible. The results showed a significant negative correlation between fear of movement and behavioral performance. Murphy et al. [13] demonstrated that the behavioral performance of patients in three physical exercises (walking, repetitive standing up from a sitting position, climbing stairs) was lower if patients anticipated more pain. Finally, Crombez et al. [14] highlighted the close association between pain-related fear (using the FABQ) and poor behavioral performance.
The current study examined whether fear of pain could be experimentally induced simply by leading patients to expect pain during a special task (without inducing it) and to analyze how expectation of pain influences behavior (performance) during the task. It was hypothesized that patients with CLBP who were led to anticipate pain exacerbation would demonstrate a lower performance level compared with those who were informed that the test would not cause any pain. We further examined the effects of instruction on the patients' rating of pain and fear. Crombez et al. [15] already used a comparable design but failed to identify a difference in behavioral performance between the group with induced pain anticipation and a control group (which was not the main purpose of the study). Nevertheless, their results did not confirm the fear-avoidance model but, on the contrary, produced evidence against it. Unfortunately, Crombez et al. mentioned their finding only in a footnote and did not discuss it in further detail.
Method

Participants
The participants in the study were 50 chronic back pain patients (23 women and 27 men; mean age: 41.4 years Ϯ 9.1 SD) referred to a interdisciplinary outpatient pain clinic in Göttingen to take part in a functional restoration program. Mean duration of pain complaints was 86.7 months ( Ϯ 82.6 SD). On an 11-point numerical rating scale, the average intensity of pain was measured at 6.1 ( Ϯ 1.5 SD). Of the total sample, 52% of the patients were out of work, with a mean absence of 12.9 weeks ( Ϯ 18.9 SD). (For description of the sample, see Table 1 .) All patients had nonspecific, chronic musculoskeletal pain with minimal somatic findings.
Questionnaires
During a preadmission visit, participants completed a battery of questionnaires, including biographic by guest on November 7, 2016 http://painmedicine.oxfordjournals.org/ Downloaded from data, the Pain Disability Index (PDI), and the FABQ. The PDI is a seven-item self-report measure that assesses patients' perceived level of disability in seven areas of daily activity [16] . The FABQ, a 16-item self-report questionnaire, measures patients' beliefs about how work and physical activity affect pain and whether they should be avoided. In the original version, the FABQ yields two subscale scores: one for beliefs about physical activity and the other for beliefs about work [4] . As a result of factor analysis in a German validation study involving 302 patients with low back pain, we identified three subscales (with 65% of variance explained). Two new work factors were derived from the work factor of the original version: One factor represented a causal attribution of pain ["work caused pain"), whereas the other factor represented the patients' own prognosis of their return to work [17] . The third factor, physical activity, was identical to the factor originally found by Waddell et al. [4] .
Procedure
Patients participated in a test of general mobility, which is standard for all patients before entering the functional restoration program as a part of the physical examination. The test involves a leg-flexion movement (single-joint movement) that does not strain the back, using the M3 exercise machine from SCHNELL ( Figure 1 ). In the test procedure, patients were seated in a chair with a bar attached to the lower part of the leg. The upper leg was fixed with a belt around the thigh so that only the lower leg could move. Leg flexion was performed against counterweight resistance. To exclude body weight as an intervening variable, the counterweight of each patient was individually adapted using a formula that included gender, body weight, and body height as determining factors: men: 0,1902 * weight ϩ 0,0331 * height Ϫ 5,07; women: 0,1545 * weight Ϫ 0,0125 * height ϩ 3,542). According to the formula, the counterweight was approximately as heavy as the weight of the patient's leg and ranged from 12 to 22 kg.
Before testing, patients were randomly allocated to two experimental conditions (anticipating pain and anticipating no pain) by consecutively admitting the first patient to the experimental group, the second to the control group, the third to the experimental group, and so on. The difference between groups was the nature of information provided to patients before the test. The control group was told that the test could not lead to any worsening of their back pain, whereas the experimental group was told that the test might cause a slight and shortlasting increase of back pain but would not result in enduring harm ( Figure 2 ). It was made clear that patients were free to discontinue the test at any time.
After being given instruction, patients were asked to push the bar as quickly and as forcefully as possible until they could not continue any further. They were also asked to use their dominant leg. Patients with leg pain were not included in the study.
As dependent variables, different behavioral performance parameters were registered by a computerized protocol: number of flexion movements, mean range of motion, and mean work ratio. Furthermore, patients were asked about their pain intensity and their fear at the moment using two visual analogue scales (VAS) (end points: no pain at all vs. worst imaginable pain and no fear at all vs. extreme fear). Both pain intensity and fear were measured at three different intervals: before instruction (T1), directly after instruction (T2), and directly after the experiment (T3). At T3, patients were asked to judge the unpleasantness of the experiment using another VAS scale (end points: very pleasant vs. extremely unpleasant).
No patient refused to take part in the experiment or was injured. Because the information for the control group was the same as for any other patient entering the program, we gave no further information to them after they finished the test. At T2, experimental group patients were additionally informed about the "wrong" instruction and the objective of the study. We apologized for having used a slight deception and reassured them that a danger of back damage existed at no time, even at maximal force. Patients were then informed about our hypothesis that induction of fear would lead to a lower performance level. Afterward, in the following functional restoration program, the rationale of the study was presented to each patient group in the cognitive-behavioral treatment to demonstrate the influence of emotion and cognition on behavior.
Results
At T1 assessment, using chi-square and t tests, no statistically significant differences between members of the experimental (n ϭ 25) and the control (n ϭ 25) groups regarding age, sex, duration of pain, pain intensity, disability (PDI), FABQ subscales, or absence from work could be demonstrated (see Table 1) .
The hypothesis that different performance scores would be demonstrated between groups regarding the number of movements, range of movement, and work ratio was tested by a two-factor analysis of covariance using treatment condition and gender as factors. Subscale 3 of the FABQ was used as a covariate because we assumed, based on earlier studies [11] [12] [13] [14] , that fear-avoidance beliefs concerning pain and activity could influence performance scores.
The expected significant treatment effect (group) was found in all three behavioral variables ( Table  2 ). There were also gender differences in two of the three variables (except number of movements). In accordance with these results, the experimental group patients, who were instructed to expect pain during the performance task, rated the unpleasantness of the experiment as much higher than did the control group patients.
Furthermore, pain and fear ratings over all three time periods were analyzed by a 2 ϫ 3 repeated measures analysis of variance (Table 3) . For both variables, the interaction term (Group ϫ Time) turned out to be highly significant. In the control group, pain and fear ratings decreased from T1 to T2, whereas the experimental group demonstrated an increase from T1 to the following assessment periods (Figures 3 and 4) .
To analyze the contribution of fear-avoidance beliefs and other variables to behavioral performance in the test, three hierarchical multiple regression analyses with a stepwise forward inclusion method were conducted. We used mean work and range of motion as independent variables (criteria). A further analysis examined the unpleasantness rating. Gender, pain intensity, disability (PDI), and the three FABQ subscales were included as independent variables (predictors) in each analysis. Because of the small sample size, the analysis was done for the total sample of all patients. To analyze the effect of pain anticipation and fear, we also included the difference scores of pain and fair between T1 and T2 as independent variables. Thus, eight variables were included in regression analyses ( Table 4) . As expected, regression analyses revealed the third subscale of the FABQ (physical activity) as being predictive for both dependent variables of behavioral performance. It accounted for 26% and 15% of their respective variance, which was the highest amount of variance explained. Furthermore, in both behavioral performance variables, gender was also predictive. Intensity of pain did not meet the criteria for inclusion in the analyses ( P to enter was .05 and P to remove, .10). For unpleasantness, the highest amount of variance was accounted for by the difference in fear rating as a result of induced pain anticipation (21%). Furthermore, the first subscale of the FABQ (work caused pain) explained a significant portion of variance (15%).
Discussion
This study analyzed the behavioral performance of 50 patients with CLBP as a function of experimentally induced anticipation of pain and of fear-avoidance beliefs. According to a fear-avoidance model, anticipation of pain often results in poor behavioral performance that cannot be accounted for by pain severity [14] . Long-standing avoidance and physical activity are purported to detrimentally affect muscle strength, coordination, and physical fitness. Thus, avoidance and physical inactivity may further worsen the pain problem.
Results confirm the important role of pain anticipation on behavioral patterns of patients with CLBP. Thus, results support the model of fear-avoidance and corroborate the findings of the studies mentioned earlier [11] [12] [13] [14] . In all behavioral variables, a lower level of performance was demonstrated by those patients who were told to anticipate pain induced by the task, although objectively this could not happen. According to a fear-avoidance model, the lower performance rate of the experimental group must be interpreted as avoidance behavior. As mentioned, Crombez et al. [15] used a comparable design and failed to identify a difference in behavioral performance between the group with induced pain anticipation and the control group. In a cross-sectional study, Crombez et al. investigated the differences between chronic pain patients with avoidant and confrontational styles using self-report measures and a similar behavioral test (knee flexion).
Although it was not the main purpose of their study, they also manipulated pain expectancy using an information design similar to ours. However, in Crombez et al.'s study, the experimental manipulation was not successful [15] . Thus, their result did not confirm the fear-avoidance model but, on the contrary, produced some evidence against it. One reason for this contrary result could have been the difference in expectancy between both study groups. In Crombez et al.'s study, patients were explicitly referred for an individual assessment of the functional capacity of their muscles on several behavioral tests. Thus, patients in their study already expected a physical test and the use of training machines. In contrast, our patients did not expect a behavioral test and were, thus, not prepared, possibly resulting in a good breeding ground for anticipation of pain and fear and, consequently, avoidance behavior. Regression analyses show that poor behavioral performance (mean work and range of motion) were reliably associated with fear-avoidance beliefs, especially beliefs regarding physical activity being harmful or causing reinjury (FABQ physical activity subscale). For prediction of performance level, a significant contribution of FABQ subscales 1 and 2, representing work-related beliefs, could not be identified. This finding is consistent with the content validity of the FABQ subscales, which represent separated clusters of beliefs. The chosen behavioral test (leg flexion) only had minor similarity to activity in work situations. Therefore, the work-related subscales of the FABQ ought to be less relevant for the performance scores assessed in the study. It may be hypothesized that assessment of individual painrelated fear can be seen as a means to predict and prevent avoidance behavior. The FABQ may be a useful psychometric instrument to help the clinician identify a subgroup of patients for whom treatment interventions should especially focus on changing their beliefs and convictions. As Klenerman et al. [9] stated, pain-related fear is a precursor of disability rather than a consequence of it. In this way, identifying those patients who tend to be attentive of pain-related fear may be a way to reduce former disability in patients with back pain.
The study design does not answer the question as to what mechanism was responsible for the subsequent avoidance behavior. Regression analyses showed that increased pain and increased fear (we incorporated the difference score between T1 and T2 of pain and fear) were only weakly associated with the subsequent performance level. In all three dependent variables, differences in pain scores did not meet the statistical inclusion criteria and accounted for no percentage of variation. This is also true for the measurement of fear, which, only for the unpleasantness dependent variable, accounted for a small percentage of variation. Our study design does not allow an answer to this important question of mechanism. It suggests that a state of physiological and cognitive arousal (attentional theory as Arntz et al. already elaborated [18] ), as a consequence of pain anticipation, was directly involved in motivating the subsequent avoidance behavior.
The different instructions of the experimental and control groups induced very distinctive patterns in the actual experience of pain and fear. Whereas the control group reduced their pain and fear ratings during the course of the experiment, these ratings were increased in the experimental group. This significant increase occurred between T1 and T2 (see Figure 3) , a period of approximately 3 minutes during which no movement was required. The patients only received (different) information about the test and its possible effects on pain. This finding demonstrates the subjectivity of pain perception and its sensitivity to modulation by cognitive processes. It is quite impressive that, merely by announcing that a pain-relevant activity may increase, an increase in pain perception can be achieved, although no movement or activity that might stimulate pain had oc- curred. Whereas the latter result (pain increase in experimental group) was expected as a reaction of induced fear, the reduction of pain intensity in the control group is quite remarkable. Simply assuring the patients that movement will not cause any pain led to a reduction of experienced pain, anxiety, and emotional rating (unpleasantness). To our knowledge, this result has not yet been described in the literature. Our explanation for this effect is as follows: According to the fear-avoidance model, patients with low back pain are very attentive to any information that may imply that pain will occur or worsen. The experimental environment in our study was likely to induce fear because it was the first time patients entered the training room in which several "tremendous" training machines are placed together. Their first exposure to this sight might, by itself, induce fear for both study groups.
In the experimental group, this fear was augmented by information that pain might occur in the next minutes. In the control group, reassuring the patients that no pain could happen led to a decrease of fear and, consequently, of pain and unpleasantness. Therefore, the consequences of expectancy are valid for both directions: Inducing pain anticipation will result in more pain and anxiety and subsequently poor behavioral performance and emotional discomfort, whereas inducing no-pain anticipation will lead to contrary effects. These findings have significant implications for the management and treatment of low back pain. If, by induction of expectations, it is possible to modify pain experience and avoidance behavior so easily, one must be aware of the potential negative influences in treatment settings. Thus, information about the necessity of reducing daily activity as a result of pain and harm can have distinct negative consequences. Prescription of rest as well as the vague indication of a possible somatic causation will likely precipitate or reinforce fear-avoidance beliefs and hence lead to iatrogenic disability. Alternatively, informing patients about the normally nonserious nature of back pain could contribute to the prevention of chronicity. Because of the close link between fear, anticipated pain, reduction of activity, and resulting disability, treatments analogous to those effective for phobias will presumably be effective. As in other phobias, avoidance behavior that is maladaptive is a central issue of chronic pain behavior. Consequently, exposure to graded physical activities should be especially appropriate for this group. Functional restoration programs have already been demonstrated to significantly improve treatment outcome [19] [20] [21] [22] . Apart from improving strength and endurance, physical therapy is useful in treating back pain because it desensitizes avoidance behavior. Graded exposure to the feared stimulus has proven to be the most effective treatment for anxiety and phobias [23] . Graded exposure to feared physical activities could also produce the same positive effect in low back pain patients whose fear is caused by a conviction that pain will occur if they become active.
Treatment regimens must consider the close link among patients' expectations, fears, and consequences on activity and performance behavior. Possibly, patients with a history of back pain carefully search for information that confirms their conviction that movement and activity will harm them or make their pain more intense. Therefore, therapists must be constantly attentive to the possibility that pain-related fear may recur. This supports a very carefully structured therapy with the following characteristics: individualized, graduated goals for performance levels (duration and intensity), a close surveillance and control of patients' training, conscientiously dealing with increase of pain, use of a comprehensive homophonic information framework, inclusion of coping strategies, consistent reinforcement, and an atmosphere in which patients gain confidence to overcome their avoidance behavior and gradually increase this activity.
The same is true for anticipation of pain in workrelated tasks. Although the experimental situation is not likely to present the work-related tasks that patients face in their daily work, we suggest that the effects presumably would have been repeated if a work-related task was used. Accordingly, functional restoration programs commonly include work-hardening components in which individual work tasks are carefully simulated in order to reduce the fear of returning to those specific job demands.
One must consider the limitations of this study. The small sample size limits generalization of results. Furthermore, the study did not include normal controls. Therefore, one does not know whether healthy individuals without back pain behave differently than those with back pain. However, this differentiation was not the aim of this study. Rather, the aim was to demonstrate that 1) anticipation of pain has an impact on behavior and 2) behavior (performance) in patients with back pain significantly depends on fear-avoidance beliefs. Further studies should investigate how anticipation of pain may be responsible for pain becoming a chronic state and which cognitive variables (e.g., self-efficacy beliefs) or concepts of anxiety sensitivity have an influence on this cognitive-behavioral process.
